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Abstract
It has been shown in experiments that self-climb of prismatic dislocation loops by pipe
diffusion plays important roles in their dynamical behaviors, e.g., coarsening of prismatic
loops upon annealing, as well as the physical and mechanical properties of materials with
irradiation. In this paper, we show that this dislocation dynamics self-climb formulation
that we derived in Ref. [1] is able to quantitatively describe the properties of self-climb of
prismatic loops that were observed in experiments and atomistic simulations. This disloca-
tion dynamics formulation applies to self-climb by pipe diffusion for any configurations of
dislocations, and is able to recover the available models in the literature for rigid self-climb
motion of small prismatic loops. We also present DDD implementation method of this self-
climb formulation. Simulations performed show evolution, translation and coalescence of
prismatic loops as well as prismatic loops driven by an edge dislocation by self-climb motion
and the elastic interaction between them. These results are in excellent agreement with
available experimental and atomistic results. We have also performed systematic analyses
of the behaviors of a prismatic loop under the elastic interaction with an infinite, straight
edge dislocation by motions of self-climb and glide.
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1. Introduction
Prismatic dislocation loops are often formed by the precipitation and collapse of excess
point-defects of vacancies or interstitials that are produced by quenching or by fast-particle
irradiation [2, 3, 4, 5]. The Burgers vector of a prismatic dislocation loop has a compo-
nent normal to its habit plane. Formation and evolution of these prismatic loops crucially
influences the physical and mechanical properties of the materials.
It was observed in the early experiments [6] that circular prismatic dislocation loops are
able to climb out their glide cylinders driven by repulsive interaction with edge dislocations
with different Burgers vectors. The enclosed area of the such a climbing prismatic loop
was found to be conserved as the loop moves, thus it cannot be attributed to dislocation
climb assisted by vacancy bulk diffusion which makes the prismatic loops shrink. This
climb motion of prismatic loops was called conservative climb of dislocation loops and was
explained in terms of pipe diffusion along the loops [6, 2]. It has also been observed in early
experiments that the number of prismatic dislocation loops in quenched materials decreases
while the size of the loops increases upon annealing [7, 8]. These experimental results
were explained later on based on the mechanism of motion and coalescence of dislocation
loops by pipe diffusion, which is called the self-climb mechanism [9]. More details of the
coalescence have been observed in the later experiments [10, 11, 12]. It was demonstrated
in Ref. [12] by comparisons of predictions of their atomistic self-climb model with TEM
observations that self-climb by pipe diffusion is the dominant mechanism of prismatic loop
coalescence at not very high temperatures. These authors showed that two nearby prismatic
loops of order 10nm in iron at 750K coalesce after a time of order 10s in both results of
their atomistic self-climb model and experiment, and it is six orders of magnitude faster
than the time predicted by using bulk vacancy diffusion assisted climb. Such self-climb
(conservative climb) motion of dislocations plays critical roles in the properties of irradiated
materials and has been an active research topic ever since it was first observed in 1960’s
[2, 6, 7, 8, 9, 10, 11, 3, 5, 12, 13, 14, 15].
Available quantitative theories in the literature of the self-climb of dislocation loops are
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all based on the dynamics of small circular loops whose shape do not change during the
evolution, and the dynamics of each circular loop is driven by the interaction for between
the loop and an external stress gradient following a linearly mobility relation [9, 6, 10, 11, 12,
14]. Parameters in these theories were obtained by comparisons with experimental results
[9, 10, 11, 12] or atomistic simulations [12, 14]. Using models within this loop dynamics
framework, self-climb assisted coalescence and coarsening of prismatic loops were simulated
and the results of the former were compared with those of experiments [12]; behavior of a self-
interstitial dislocation loop near an edge dislocation in BCC-Fe was studied [14, 15]; spatial
ordering of nano-dislocation loops in ion-irradiated materials was investigated by Langevin
dynamics simulations of interacting dislocation loops [13]. A recent molecular dynamics
simulations of nanoindentation showed that half prismatic edge dislocation loops annihilate
via pipe diffusion of vacancies from the free surface [16]. Despite these research progresses on
the understanding of dislocation self-climb mechanisms and related properties, a simulation
model based on discrete dislocation dynamics (DDD) that gives the self-climb velocity at
each point of the dislocations, as those available DDD simulation methods for vacancy bulk
diffusion assisted climb, e.g. [17, 18, 19, 20, 21, 22, 23, 24, 25, 26], is still lacking. Although
a pipe-diffusion-based dislocation climb DDD model was proposed in Ref. [27] in which the
climb velocity is proportional to the vacancy flux along the dislocation, their simulations
showed that prismatic loops shrink, thus their model is not able to describe the conservative
climb of prismatic loops observed in the experiments and atomistic simulations reviewed
above, in which the area enclosed by a prismatic loop is conserved during the self-climb
motion.
Recently, we have derived a dislocation climb model within the DDD framework [1] from
a stochastic scheme on the atomistic scale, where both the vacancy bulk diffusion assisted
climb and the self-climb assisted by pipe diffusion are considered and the total climb velocity
is given at any point on the dislocations. Preliminary examination showed that the derived
self-climb velocity formula is able to maintain the area enclosed by a prismatic loop as
it moves by self-climb. It has also been shown that this self-climb formulation is able to
quantitatively explain the half prismatic edge dislocation loops annihilation with free surface
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via pipe diffusion of vacancies observed in MD simulations [16] and self-healing of low angle
grain boundaries by vacancy diffusion [28].
In this paper, we show that our self-climb formulation derived in Ref. [1] is able to
quantitatively describe the properties of self-climb of prismatic loops that were observed in
experiments and atomistic simulations. For small circular prismatic loops, our formulation
is able to recover the available models in the literature based on linearly mobility relation
driven by the interaction force between the loops and an external stress gradient. We also
present DDD implementation method of this self-climb formulation. DDD Simulations are
performed for the motion and interaction of prismatic loops and interaction between an edge
dislocation and prismatic loops. Especially, our simulations show prismatic loops driven by
an edge dislocation and coalescence of prismatic loops by the self-climb motion, which is
in excellent agreement with the experimental observations [6] (prismatic loops driven by
an edge dislocation) and [7, 8, 9] (coalescence of prismatic loops). We have also performed
systematic analyses of the behaviors of a prismatic loop under the elastic interaction with an
infinite, straight edge dislocation by motions of self-climb and glide (including both rotation
and rigid motions by glide) of the prismatic loop.
This paper is organized as follows. In Sec. 2, we review our self-climb formulation
derived in Ref. [1] and discuss its physical implication. In Sec. 3, we present a numerical
implementation method of the self-climb formulation. In Sec. 4, we study the properties of
self-climb of prismatic loops based on this formulation, including properties of conservation
of enclosed area, equilibrium shape, and translation velocity with stress gradient, etc. In
Sec. 5, we perform DDD simulations of the self-climb of dislocations and compare the results
with experimental observations and atomistic simulations. In Sec. 6, we perform systematic
analyses of the behaviors of a prismatic loop under the elastic interaction with an infinite,
straight edge dislocation by motions of self-climb and glide.
2. Dislocation self-climb in DDD simulations
In this section, we briefly review the dislocation climb formulation that we derived in
Ref. [1] from atomistic schemes and discuss its physical implication. In this formulation,
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the dislocation climb velocity consists of contributions from both the climb due to vacancy
diffusion in the bulk and the climb due to vacancy pipe diffusion along the dislocations, i.e.
vcl = v
(b)
cl + v
(p)
cl , (2.1)
where v
(b)
cl and v
(p)
cl are the dislocation climb velocities due to vacancy bulk diffusion and pipe
diffusion, respectively. Dislocation climb due to vacancy pipe diffusion is also referred to
as the self-climb in the literature, and accordingly, v
(p)
cl is also called the self-climb velocity.
The DDD study on dislocation climb in the literature was mainly focused on the climb due
to vacancy bulk diffusion as briefly reviewed in the introduction, whose contribution to the
total dislocation climb velocity is v
(b)
cl . In this paper, we focus on the DDD implementation
of the dislocation self-climb velocity v
(p)
cl and the related properties.
The DDD self-climb velocity derived in Ref. [1] is
v
(p)
cl = c0Dcb
d2
ds2
(
e
− fclΩ
bkBT
)
, (2.2)
where s is the arclength parameter along the dislocation, b is the length of the Burgers vector
of the dislocation, c0 is the reference equilibrium vacancy concentration on the dislocation
without climb force, Dc is the vacancy pipe diffusion constant, kB is Boltzmann constant,
T is the temperature, Ω is the atomic volume, and fcl is the climb component of the Peach-
Koehler force on the dislocation, which is given by
fcl = fPK · lcl. (2.3)
Here fPK is the Peach-Koehler force calculated by fPK = (σ · b) × ξ [2], b is the Burgers
vector of the dislocation, σ is the stress tensor, ξ is the dislocation line direction, and lcl is
the climb direction defined as lcl = ξ × b/b. Accordingly, we have
v
(p)
cl = v
(p)
cl lcl. (2.4)
For a prismatic loop, ξ is always normal to b, the climb force can be simplified as:
fcl = −1
b
(b · σ · b). (2.5)
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As in the climb assisted by vacancy bulk diffusion (e.g. [2, 21, 22, 23, 24, 26]), when
fcl << bkBT/Ω, e
− fclΩ
bkBT ≈ 1− fclΩ
bkBT
, and the self-climb velocity in Eq. (2.2) can be simplified
as
v
(p)
cl = −
c0DcΩ
kBT
d2fcl
ds2
. (2.6)
Remarks:
• In Eq. (2.2), the reference equilibrium vacancy concentration on the dislocation c0 and
the vacancy pipe diffusion constant Dc may also depend on the dislocation character.
In this case, Eq. (2.2) can be written as v
(p)
cl = Dcb
d2
ds2
(
c0e
− fclΩ
bkBT
)
. As in almost all the
available studies for dislocation climb, we use the definition of the vacancy standard
state c0 in Ref. [2]. A different definition of the vacancy standard state c0 was adopted
by Weertman [29, 30], leading to an additional contribution to the climb force. The
two definitions lead to equivalent climb formulations, see the discussion in Ref. [2].
• In some studies in the literature, line tension approximation of the force on a dis-
location loop was adopted for simplification in calculations. Under the line tension
approximation and without applied stress, Eq. (2.6) becomes v
(p)
cl = − c0DcΩkBT d
2
ds2
(Tnκ),
where κ is the curvature of the loop and Tn is the line tension. For a prismatic loop,
the line tension is Tn =
µb2
4pi(1−ν) ln
Lc
rd
, where rd is the dislocation core radius, Lc is
the outer cutoff length and Lc = 8R/e for a circular loop with radius R [2]. This
approximation is not used in this paper.
This dislocation dynamics model for vacancy-assisted dislocation climb is derived by up-
scaling in space and time from the jog dynamics model. (See Ref. [1] for detailed derivation.)
It incorporates the jogged structure and vacancy pipe diffusion and adsorption/emission at
jogs, and does not need to solve the vacancy pipe diffusion on the dislocation or track the
location and motion of individual jogs. In the derivation, we have assumed that:
(i) The jogs on dislocations are sparsely distributed on the atomic length scale, and the
average distance between two adjacent jogs is much smaller than the size of the dislo-
cation loop in the dislocation dynamics model.
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(ii) The vacancy pipe diffusion is much faster than the vacancy bulk diffusion and the
vacancy exchange between the dislocation core and the bulk.
(iii) A jog moves forward or backward when it absorbs or emits a vacancy.
(iv) The equilibrium vacancy concentration at a jog site is c0e
− fclΩ
bkT , where c0 is the reference
equilibrium vacancy concentration on the dislocation.
ܨሺݖሻ澳߬௘澳
ݖ௠澳 ݖ௠ାଵ澳ܦ௖ܿ௭௭௖ െ ͳ߬௘ ܿ௖ ൅ ܨሺݖሻ ൌ Ͳ澳ݒ௝௢௚ሺ௠ሻ ൌ ܦ௖ ܿ௭௖ ݖ௠ା െ ܿ௭௖ ݖ௠ି 澳
௃ܿ澻ݖ௠澼澳 ௃ܿ澻ݖ௠ାଵ澼澳
ݖ澳
Figure 1: The underlying jog dynamics model from which the self-climb DDD model in Eq. (2.2) is derived.
In the DDD model, the upscaled dislocation profile is a smooth curve without explicit jog structure, as
shown by the smooth blue curve.
Here we briefly review the derivation of the self-climb DDD model in Eq. (2.2) to show
more of its underlying physics. The underlying jog dynamics model when only vacancy pipe
diffusion is considered, from which the self-climb DDD model in Eq. (2.2) is derived, is
cct = Dcc
c
zz, z ∈ (zm, zm+1),
cc(zm) = c0e
− fclΩ
bkBT
∣∣∣∣
z=zm
, cc(zm+1) = c0e
− fclΩ
bkBT
∣∣∣∣
z=zm+1
,
(2.7)
where cc is the vacancy concentration on the dislocation, z is the coordinate along the dislo-
cation, cct =
∂cc
∂t
, ccz =
∂cc
∂z
, cczz =
∂2cc
∂z2
are partial derivatives, Dc is the vacancy pipe diffusion
constant, z = zm, m integers, are locations of the jog on the dislocation, c0e
− fclΩ
bkBT |z=zm is
the equilibrium vacancy concentration at the jog zm, and c0 is the equilibrium vacancy con-
centration on the dislocation without climb force. The velocity of the jog located at z = zm
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is
v
(m)
jog = Dc
[
ccz(z
+
m)− ccz(z−m)
]
. (2.8)
See Fig. 1 for an illustration. Under the assumptions, we have cct = Dcc
c
zz ≈ 0 on a
dislocation segment between two adjacent jogs. The vacancy concentration cc on each dis-
location segment can be solved from this diffusion equilibrium equation on it, which is
cc(z) = Am(z−zm)+cc(zm), in [zm, zm+1], where the coefficient Am = (cc(zm+1)−cc(zm))/lm
and the length of this dislocation segment lm = zm+1 − zm. It can be calculated using this
solution and Eq. (2.8) that the jog velocity v
(m)
jog = Dc(Am − Am−1). In the DDD model,
a dislocation is a smooth curve without explicit jog structure (see Fig. 1), after upscaling
from the jog dynamics model, the self-climb velocity is
vcl(zm) =
b
(lm + lm+1)/2
v
(m)
jog , (2.9)
which leads to Eq. (2.2). See Ref. [1] for detailed derivation, which also accounts for dislo-
cation climb assisted by vacancy bulk diffusion.
3. Numerical implementation of the self-climb formulation
In this section, we present a numerical implementation method of the formulation of
the self-climb velocity given in Eq. (2.2) (or (2.6)) in DDD simulations. Recall that in
DDD simulation methods, e.g. [31, 32, 33, 17, 34, 35, 36, 20, 21, 22, 37, 26], dislocations
are commonly discretized into small segments (straight or curved) by nodes on them, as
illustrated in Fig. 2. During the simulations, the location of each node is commonly updated
by the scheme
P
(n+1)
i = P
(n)
i + v(P
(n)
i )∆tn (3.1)
from time tn to tn+1, where P
(n)
i and P
(n+1)
i are the locations of the point Pi at time tn and
tn+1, respectively, and ∆tn = tn+1 − tn is the time step. The velocity v may be the glide
velocity vg or the climb velocity v
(b)
cl or v
(p)
cl , or a combination of them. The glide velocity is
commonly calculated by a mobility law vg = Mg · fg, where Mg is the glide mobility tensor
and fg is the glide Peach-Koehler force. The climb velocity due to vacancy bulk diffusion
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v
(b)
cl at all the nodal points can be obtained accurately by solving a linear system associated
with the climb force fcl as described in Ref. [26], or other approximation methods in the
literature. The long-range Peach-Koehler force, including both the glide component fg and
the climb component fcl, can be calculated by contributions from all dislocation segments
by either direct summation or more efficient methods, e.g. the fast multipole method, as
described in the above references. In this paper, the Peach Koehler forces including the
climb force fcl and the glide force fg are calculated using the method and code in Ref. [36].
Pi+1
Pi+2
b
Pi
Pi−1
vcl(Pi)
Figure 2: Schematic illustration of the numerical discretization of a dislocation loop in DDD frameworks
for a prismatic loop. The loop (in blue) is discretized into straight segments (in red) with N representative
dislocation nodes Pi (in black), i = 1, 2, · · · , N .
To numerically implement the dislocation self-climb formulated in Eq. (2.2), we use the
following finite difference scheme along the dislocations:
v
(p)
cl (Pn) = c0Dcb
(q(Pn+1)− q(Pn))/∆sn − (q(Pn)− g(Pn−1))/∆sn−1
(∆sn + ∆sn−1)/2
, (3.2)
where q = e
− fcl(P)Ω
bkBT (or q = −fcl(P)Ω
bkBT
for Eq. (2.6)), and ∆si = |Pi+1 − Pi| is the length of
the segment between the nodes Pi and Pi+1. This formulation can be easily incorporated
in the available DDD simulation methods and codes for the motions of glide and climb
assisted by vacancy bulk diffusion (e.g. those reviewed in the introduction), as an additional
contribution to the dislocation velocity.
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4. Properties of self-climb of prismatic loops
At low temperatures, it has been observed in experiments [6, 2] that prismatic dislocation
loops can translate under a stress gradient, see an illustration in Fig. 3(a). In this case,
vacancy bulk diffusion is negligible, and the dislocations climb is entirely due to the self-
climb via vacancy pipe diffusion. The area enclosed by a prismatic loop is observed to be
conserved during the translation process, thus this translation by self-climb is also referred
to as conservative climb of prismatic loops. It has been shown in Ref. [1] that the formulation
in Eq. (2.2) is able to successfully predict the conservation of the enclosed area of a prismatic
loop during the self-climb process. In this section, we systematically study the properties of
self-climb (conservative climb) of prismatic loops based on this formulation.
b ⊙
x
y
Final loop
Initial loop
Translation
(a)
y
x
b
γ
⊙
θ
ξ
D
s
v
( p)
 cl
r(θ)
(b)
Figure 3: (a) Translation of a prismatic loop by vacancy pipe diffusion. (b) Parametrization of a prismatic
loop by angle θ, 0 ≤ θ ≤ 2pi.
4.1. Conservation of the enclosed area
We first review the property shown in Ref. [1] that following the formulation of dislocation
self-climb given by Eq. (2.2), the area enclosed by a prismatic loop is conserved.
Consider a prismatic dislocation loop γ moving with the self-climb velocity in Eq. (2.2),
the rate of change of the area S enclosed by the loop is
dS
dt
=
∫
γ
v
(p)
cl ds = c0Dcb
∫
γ
d2
ds2
(
e
− fclΩ
bkBT
)
ds = 0. (4.1)
10
This shows that using our formulation, the area S that is enclosed by the loop is unchanged
during the self-climb motion, which agrees with the experimental observations [6, 2] for the
motion of small prismatic loops by self-climb. In fact, by our self-climb formulation, the
area enclosed by a prismatic loop is always conserved by the self-climb motion, for any size
and shape of the loop, although the shape of the loop may change.
Note that the self-climb velocity v
(p)
cl is in the normal direction of the prismatic loop. For
a vacancy loop, v
(p)
cl is in the outer normal direction, and an interstitial loop, inner normal
direction. For an interstitial loop, there will be a negative sign before v
(p)
cl in the above proof,
and the result remains 0.
4.2. Equilibrium shape
Following Eq. (2.2), the equilibrium shape of a prismatic loop under self-climb satisfies
v
(p)
cl = 0, which leads to constant e
− fcl(x)Ω
bkBT along the loop, or
fcl = constant (4.2)
along the loop. This shows that the equilibrium shape of a prismatic loop under self-climb
is a circle when only the self-stress of the loop is considered. The equilibrium shape of a
prismatic loop under self-climb is still a circle with constant stress field in addition to its
self-stress.
We will further discuss properties of circular prismatic loops by self-climb motion in the
following subsections. Note that the actual shape of a dislocation loop during the self-climb
motion depends on the nature of the total stress field.
4.3. Circular loop preserving
In this subsection, we show that a circular prismatic loop will remain circular by self-
climb under constant stress gradient, using the velocity formulation in Eq. (2.2).
Consider a prismatic loop γ in the xy plane. Without loss of generality, we assume that
the Burgers vector of the loop in the +z direction and the loop is in the counterclockwise
direction, i.e., the loop is a vacancy loop. The calculations are the same for a interstitial
11
loop except that the climb direction changes to its opposite. The loop γ can be parametrized
by 
x(θ, t) = r(θ, t) cos θ
y(θ, t) = r(θ, t) sin θ,
(4.3)
where (x, y) is a point on the loop and (r, θ) is its polar coordinate, and 0 ≤ θ ≤ 2pi serves
as a parameter of the loop, see Fig. 3(b). By Eq. (2.4), the self-climb velocity v
(p)
cl (θ, t) is
along normal direction of the loop and is positive in the outer normal direction. Assume at
the initial time t = t0, the loop is circular:
r(θ, t0) = R. (4.4)
The curvature at any point on this circular loop is κ(θ, t0) = 1/R.
After the loop evolves under the self-climb velocity v
(p)
cl to the time t0 + ∆t, where ∆t is
small, it becomes 
x(θ, t0 + ∆t) ≈ (R + v(p)cl (θ, t0)∆t) cos θ
y(θ, t0 + ∆t) ≈ (R + v(p)cl (θ, t0)∆t) sin θ,
(4.5)
and the curvature at any point on the loop can be calculated as
κ(θ, t0 + ∆t) =
dx
dθ
d2y
dθ2
− d2x
dθ2
dy
dθ[(
dx
dθ
)2
+
(
dy
dθ
)2] 32 ≈ R2 + (−R
d2v
(p)
cl
dθ2
+ 2Rv
(p)
cl )∆t
(R2 + 2Rv
(p)
cl ∆t)
3
2
. (4.6)
The rate of change of the curvature is
∂κ(θ, t0)
∂t
= lim
∆t→0
κ(θ, t0 + ∆t)− κ(θ, t0)
∆t
= −
d2v
(p)
cl
dθ2
+ v
(p)
cl
R2
. (4.7)
The curvature is preserved when ∂κ(θ,t0)
∂t
= 0, or
d2v
(p)
cl
dθ2
+ v
(p)
cl = 0. (4.8)
This is equivalent to
v
(p)
cl = Av cos θ +Bv sin θ, (4.9)
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for constants Av and Bv independent of θ.
Using the self-climb velocity in Eq. (2.2), after integration twice, the above circular loop
preserving conditions becomes e
− fclΩ
bkBT = Af cos θ + Bf sin θ + Cf , where Af , Bf and Cf
are some constants. When fclΩ << bkBT , we have e
− fclΩ
bkBT ≈ 1 − fclΩ
bkBT
, the circular loop
preserving condition becomes
fcl = A cos θ +B sin θ + C, (4.10)
for some constant coefficients A, B and C. When this prismatic loop is place in a stress
field with constant normal stress gradient, i.e.,
σ33 =
∂σ33
∂x
x+
∂σ33
∂y
y + σ033, (4.11)
where ∂σ33
∂x
, ∂σ33
∂y
and σ033 are constants, on the circular loop described by Eqs. (4.3) and (4.4),
using Eq. (2.5), we have
fcl = −σtotal33 b = −
∂σ33
∂x
bR cos θ − ∂σ33
∂y
bR sin θ − σ033b− σself33 b. (4.12)
Here σtotal33 = σ33 +σ
self
33 , with the self stress σ
self
33 of this circular prismatic loop being constant
along the loop. Thus the circular loop preserving condition in Eq. (4.10) is satisfied. Note
that the self-stress generated by the circular loop itself is constant along the loop. Recall
that as shown in Sec. 4.1, the area enclosed by the loop is preserved. Therefore, we can
conclude that a circular prismatic loop will translate rigidly with circular shape preserved
under constant stress gradient by self-climb.
Note that when the stress gradient varies slowly, it can be locally considered as con-
stant, thus a small circular prismatic loop will always translate rigidly with circular shape
preserved. This explains the classical experimental observations [6, 2].
4.4. Translation velocity
In this subsection, we calculate the average translation velocity of a prismatic loop by
self-climb under stress gradient.
Consider a prismatic loop γ, and the region enclosed by this loop is denoted by D, see
Fig. 3(b) for an example. As in the previous subsection, without loss of generality, we
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assume that the Burgers vector of the loop is in the +z direction and the loop is in the
counterclockwise direction. The average velocity of γ can be calculated by the velocity of
the mass center of the region D enclosed by it, which is
v¯ =
d
dt
(∫∫
D
(x, y)dS∫∫
D
dS
)
, (4.13)
where dS is the area element.
As already shown in Sec. 4.1, the area of the region enclosed by γ, or
∫∫
D
dS, remains
the same during the translation of γ, further using the transport theorem [38], we have
v¯ =
1∫∫
D
dS
(
d
dt
∫∫
D
xdS,
d
dt
∫∫
D
ydS
)
=
1∫∫
D
dS
(∫
γ
xv
(p)
cl ds,
∫
γ
yv
(p)
cl ds
)
, (4.14)
where the local self-climb velocity v
(p)
cl is given in Eq. (2.2). (Recall that v
(p)
cl is in the outer
normal direction of this vacancy loop.) This average velocity formula applies to a prismatic
loop with any shape and in any stress field.
This translation velocity has an analytical formula when the prismatic loop γ is circular
and the stress gradient is constant. Recall that a circular prismatic loop will remain circular
during the self-climb motion as shown in Sec. 4.3. In this case, the loop γ is parameterized
as x = R cos θ+x0, y = R sin θ+y0, 0 ≤ θ ≤ 2pi, and ds = Rdθ in Eq. (4.14); the climb force
fcl takes the form in Eq. (4.12). Substituting the self-climb velocity formula in Eq. (2.2)
into Eq. (4.14), and performing integration by parts twice, we have
v¯ = −c0Dcb
piR2
(∫ 2pi
0
e
− fclΩ
bkBT cos θdθ,
∫ 2pi
0
e
− fclΩ
bkBT sin θdθ
)
= −c0Dcb
piR2
e
(σ033+σself33 )Ω
kBT
(∫ 2pi
0
e
ΩR
kBT
∂σ33
∂x
cos θ
cos θdθ,
∫ 2pi
0
e
ΩR
kBT
∂σ33
∂y
sin θ
sin θdθ
)
= −2c0Dce
(σ033+σself33 )Ω
kBT b
R2
(
I1
(
ΩR
kBT
∂σ33
∂x
)
, I1
(
ΩR
kBT
∂σ33
∂y
))
, (4.15)
where I1(·) is a modified Bessel function of the first kind. Recall that σ033 is the constant
stress (excluding the self-stress) and σself33 is the constant self-stress on the circular loop.
When the stress gradient is small or the radius of the loop is small, i.e. R|∇σ33| <<
kBT/Ω, using the property of I1(z) ≈ z/2 for small z, the translation velocity of the circular
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prismatic loop can be simplified as
v¯ = −c0Dce
(σ033+σself33 )Ω
kBT Ωb
kBTR
(
∂σ33
∂x
,
∂σ33
∂y
)
= −c0Dce
(σ033+σself33 )Ω
kBT Ωb
kBTR
∇σ33. (4.16)
This means that when the external stress field is a linear function of the space coordinates,
the translation velocity of a circular prismatic loop by self-climb is linearly proportional to
the constant stress gradient vector and is in the same direction with it. Eq. (4.16) also
applies to small circular prismatic loops with a general external stress field, because in this
case, the stress gradient is approximately constant near the small prismatic loop.
For an interstitial loop, the translation velocity formulas in Eqs. (4.15) and (4.16) will
change their sign, and become v¯ = 2c0Dce
(σ033+σ
self
33 )Ω
kBT b
R2
(
I1
(
ΩR
kBT
∂σ33
∂x
)
, I1
(
ΩR
kBT
∂σ33
∂y
))
and v¯ =
c0Dce
(σ033+σself33 )Ω
kBT Ωb
kBTR
∇σ33, respectively.
Note that this translation velocity formula of a circular prismatic loop in Eq. (4.15) (or its
simplified form in Eq. (4.16)) is derived from the dislocation dynamics formulation for self-
climb in Eq. (2.2), which specifies the self-climb velocity of each point on the dislocation loop.
The available theories in the literature for the self-climb of prismatic loops [9, 10, 11, 12, 14]
are all based on the assumption of rigid translation of a circular prismatic loop, and their
translation velocities are expressed in terms of the driving force and mobility of the entire
loop. For example, the translation velocity of a circular prismatic loop with radius R is
v = −2νae
− Esc
kBT a5
pikBTR3
∇E in Ref. [12], where a is the lattice constant, νa is an attempt frequency,
Esc is a characteristic activation energy for the self-climb, and E is the interaction energy
between the prismatic loop and the stress field (excluding the self-stress of the loop). Now
we include a comparison of our formulation with those available theories [39]. In fact, the
interaction energy E can be calculated as E =
∫∫
D
bσ33dS [2]. Using the parameterization
of the circular loop given above, we can calculate that ∇E = piR2b∇σ33 when ∇σ33 is a
constant vector. The translation velocity in Eq. (4.16) can then be written as
v¯ = −c0Dce
(σ033+σself33 )Ω
kBT Ω
pikBTR3
∇E, (4.17)
which is in excellent agreement with the available theories.
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The prefactor c0e
(σ033+σself33 )Ω
kBT Dc in our formulation is based on the vacancy pipe diffusion
mechanism of the self-climb. Recall that c0 is the equilibrium vacancy concentration on the
dislocation loop and Dc is the vacancy pipe diffusion constant. The product c0e
(σ033+σself33 )Ω
kBT is
the stress-dependent vacancy concentration on the dislocation loop. It has been shown by
experiments and atomistic simulations that Dc is much larger than Dv (vacancy diffusion
constant in the bulk) [2, 40, 41, 42, 43, 44]. On the other hand, the prefactor 2νae
− Esc
kBT a5 in
the available theories in the literature is based on the attempt frequency and energy barrier
for rigid translation of the prismatic loop. In Ref. [12], it was shown by kinetic Monte Carlo
simulations that the characteristic activation energy barrier for self-climb Esc is much lower
than the effective activation energy of vacancy bulk diffusion in bcc metals. Both types
of models describe fast vacancy pipe diffusion than vacancy bulk diffusion in the self-climb
process.
Our discussion above also shows that the linear relationship between the translation
velocity and the energy gradient ∇E widely adopted in the literature only holds when the
stress gradient is small or the radius of the loop is small, otherwise, the more accurate
translation velocity formula in Eq. (4.15) should be used. When the prismatic loop is not
circular, its pointwise self-climb velocity can be calculated by Eq. (2.6) or (2.2).
5. DDD Simulations
In this section, we perform DDD simulations of the self-climb of dislocations and com-
pare the results with experimental observations and atomistic simulations. The numerical
scheme is given in Eq. (3.2) which is a discretization of the formulation in Eq. (2.2). (The
simulation results will be similar by using the simplified formulation in Eq. (2.6).) Each loop
is discretized into 40− 60 small segments. We consider the self-climb of dislocation loops in
Fe with Burgers vectors b = a/2 < 111 >, which is in the +z direction in the coordinate
system. The lattice constant of Fe is a = 2.856A˚. The atomic volume of Fe is Ω = a3/2,
and the elastic constants are µ = 86GPa and ν = 0.291. The dislocation core parameter is
rd = 2b. The temperature is T = 750K. The time is rescaled in the unit of b
2/(c0Dc).
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5.1. Conservation of enclosed area
We have shown in Ref. [1] and reviewed in Sec. 4.1 that following the formulation of
dislocation self-climb given by Eq. (2.2) or (2.6), the area enclosed by a prismatic loop is
conserved. Here we present a numerical examination.
Figure 4: Numerical simulation of self-climb of an elliptic prismatic loop (in blue), which converges to a
circular loop (in red). Some snapshots of the loop in equal time intervals during the evolution are also shown
(in green).
We start from a prismatic loop in the xy plane with ellipse shape, whose two axes are
l1 = 80b and l2 = 40b. The loop is in the counterclockwise direction, which means a vacancy
loop. As shown in Fig. 4, the loop evolves to a circle which is stable with further evolution.
This simulation result can be understood by Eq. (2.2) that when the prismatic loop is not
circular, the self stress and accordingly the climb force fcl is not uniform on the loop, and
this drives the loop to self-climb until a constant climb force fcl is reached, which is a circle.
The radius of the stable circular loop measured from the simulation result is R = 56.1b.
The theoretical value of radius of the circle loop under conservation of the enclosed area is
R =
√
l1l2 = 56.6b. Excellent agreement can be seen from the numerical simulation and
theoretical prediction that the area enclosed by a prismatic loop is conserved during the self-
climb motion and the loop converges to the equilibrium shape of a circle under its self-stress.
These results also explain the early experimental observations of the self-climb behaviors of
prismatic loops, termed as conservative climb in some references [2, 6].
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5.2. Translation of a circular prismatic loop under constant stress gradient
In this subsection, we present a simulation of translation of a circular prismatic dislo-
cation loop under constant stress gradient. The initial circular prismatic loop is located in
the xy plane and is in the counterclockwise direction, i.e., it is a vacancy loop. The radius
of the loop is R = 100b. The applied stress field is σapp33 = −px with p = 10−5µ/b, i.e., the
applied stress gradient is constant and is in the −x direction.
y
x ∇σ33
app
v
Figure 5: Simulation of translation of a circular prismatic loop under constant stress gradient. Snapshots
of the loop at t = n∆t, n = 0, 1, · · · , N , are shown. The blue circle is the initial loop, and the red circle is
the loop at N∆t.
The simulation result is shown in Fig. 5. The simulation shows that under the constant
stress gradient field, the circular prismatic loop moves with a constant translation velocity
while remaining its circular shape. This behavior of translation of prismatic loops under
stress gradient agrees with the experimental observations [2, 6, 10, 11, 12] and atomistic
simulations [12, 14]. Note that this simulation is based on the pointwise self-climb velocity
formulation in Eq. (2.2). The translation velocity of the loop estimated from the evolution of
the first 4000 time steps is v = 1.94× 10−5c0Dc/b. This value is in excellent agreement with
the theoretical value v = 1.85 × 10−5c0Dc/b given by the loop translation velocity formula
in Eq. (4.16), where the self stress of the loop is σ033 = 6.72 × 10−3µ from the calculations
using the method in Ref. [36].
The parameters c0 (reference equilibrium vacancy concentration on the dislocation loop)
and Dc (vacancy pipe diffusion constant) in the self-climb formulation in Eq. (4.16) can
18
be estimated as a product by comparing the atomistic simulation results or experimentally
measured data, as did in the literature [9, 10, 11, 12, 14] using velocity formulas based on
the assumption of rigid translation of a circular prismatic loop. The connection between our
formulation and those in the literature has been discussed briefly at the end of Sec. 4.4.
Note that in this case, the loop-size-dependent factor e
σ033Ω
kBT = 1.92 in the loop translation
velocity formula in Eq. (4.16). Neglecting this factor will lead to an error about 92% in the
translation velocity obtained directly using Eq. (2.2) by simulation.
5.3. Coalescence of prismatic loops by self-climb
In this subsection, we use our DDD self-climb formulation to simulate the detailed process
of the coalescence of prismatic loops by self-climb that has been observed in experiments
[7, 8, 9, 10, 11, 12].
We consider two circular self interstitial loops in the xy plane, which are in the clockwise
direction. The two loop have radii of R1 = 81b and R2 = 48b, respectively, and are separated
(from center to center) by d = 149b as shown in Fig. 6(a). We use the same values of
parameters as those for the coalescence of interstitial prismatic loops with Burgers vector
1/2[111] in iron at 750K reported in Ref. [12] by using atomistic simulation and TEM
observation. As discussed at the end of Sec. 4.4, we have c0DcΩ = 2νaa
5e
− Esc
kBT , neglecting the
stress-dependence of c0. Further using Ω = a
3/2 in bcc Fe [12], we have c0Dc = 4νaa
2e
− Esc
kBT .
The value of Esc obtained in Ref. [12] by atomistic model is 1.34eV and the value of νa used
therein is 1013/s. These values of parameters are summarized in Table 1.
R1 R2 d T b =
√
3/2a νa Esc Ω = a
3/2 c0Dc = 4νaa
2e
− Esc
kBT
20nm 12nm 37nm 750K 0.248nm 1013/s 1.34eV 0.0117nm3 3.24× 103nm2/s
Table 1: Values of parameters used in the simulation of coalescence of two prismatic loops in Fe with Burgers
vector 1/2[111]. These values are taken from Ref. [12] in their atomistic simulation and TEM observation.
Values of parameters of Fe used are µ = 86GPa, ν = 0.291, and a = 0.286nm.
The detailed coalescence process obtained by our simulation is shown in Fig. 6. The two
loops are attracted to each other by self-climb under the elastic interaction between them,
see Fig. 6(b). The smaller loop moves faster, which is consistent with the approximate
formula in Eq. (4.16) and the theories in the literature [9, 10, 11, 12, 14] for rigid translation
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Figure 6: Coalescence of two interstitial loops by self-climb under their elastic interaction obtained by our
DDD simulation. The length unit is b. These images show the simulation results at time t = 0s, 0.47s, 0.49s,
0.70s, 1.04s,and 4.10s, respectively.
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of the loops. However, the two loops deviate from the circular shape when they are getting
closed to each other. When the two loops meet, they quickly combine into a single loop,
as shown in Fig. 6(c). The combined single loop eventually evolves into a stable, circular
shape, see Fig. 6(d)-(e). Under conservation of the enclosed area by loops, the theoretical
value of the final single circular loop has radius R =
√
R21 +R
2
2 = 94.2b. Numerically, the
radius of the final single circular loop is measured as R = 94.3b, which agrees perfectly with
the theoretical value.
In our DDD simulation, the time for these two circular prismatic loop to coalesce into
a single circular prismatic loop is t = 2.16 × 105b2/(c0Dc) = 4.10s. This result agrees with
the coalescence times obtained in experimental observation and atomistic simulation under
the same condition reported in Ref. [12], which are 30s and 7.5s, respectively. Note that
as shown in Ref. [12], using DDD simulations of climb by vacancy bulk diffusion instead
of self-climb by pipe diffusion, the coalescence time is 3.3 × 107s – six orders of magnitude
longer than the experimental result, indicating the dominant effect of self-climb under this
condition.
5.4. Translation of a prismatic loop by self-climb driven by a moving edge dislocation
In this subsection, we present simulations for the translation of a prismatic dislocation
loop by self-climb driven by the stress field of a moving edge dislocation. The initial loop
is a circular prismatic loop with radius R = 25b and center (0,−50b,−50b) and is parallel
to the xy plane. The Burgers vector of this loop is b1 = (0, 0, b). An edge dislocation is
located on the x axis and is in +x direction. The Burgers vector of this edge dislocation is
b2 = (0, b, 0). See Fig. 7 for the initial configuration. In the simulation, the edge dislocation
is tracked within [−150b, 150b] in the y direction and interactions with straight extension of
150b from each side are kept. Under an applied stress σapp23 = −10−3µ, the edge dislocation
moves in the −y direction, towards the prismatic loop, by glide motion. The glide velocity
is calculated by vg = Mgfg, where fg is the glide component of the Peach-Koehler force fPK
(that in the slip plane). In the simulations, we choose three values of the glide mobility
Mg/(c0Dc/µb) = 0.1, 0.5, and 1. The simulation configuration is to mimic that of the
21
experiment in Zinc conducted by Kroupa and Prince in 1961 [6].
The DDD simulation results using our formulation in Eq. (2.2) are shown in Fig. 7. In
each simulation, as the edge dislocation glides towards the prismatic loop under the applied
stress, the prismatic loop is pushed by self-climb due to the stress field generated by the
edge dislocation. These simulations agree excellently with the experimental observation
by Kroupa and Prince [6]. Note that during the evolution, the self-climb motion of the
prismatic loop is not a rigid translation; its shape changes as it evolves. As the prismatic
loop translates, it also rotates by glide due to the applied stress and the stress field generated
by the edge dislocation. The edge dislocation becomes curved due to the interaction with
the prismatic loop. For relatively small glide mobility Mg/(c0Dc/µb) = 0.1 (or relatively
fast pipe diffusion), the rotation of the prismatic loop is not that significant as it translates
by self-climb; for glide mobility Mg/(c0Dc/µb) = 0.5, the prismatic loop rotates more as it
translates; and for the relatively large glide mobility Mg/(c0Dc/µb) = 1 (or relatively slow
pipe diffusion), the rotation of the prismatic loop is significant as it translates. The edge
dislocation moves more as the glide mobility increases within the same time period. As will
be shown in the next section, there is no stable location of the prismatic loop under motions
of self-climb and glide. Fig. 7 shows simulation results up to time t = 8000b2/(c0Dc).
6. Interaction between a prismatic loop and an edge dislocation
In this section, we perform analyses to systematically understand the behaviors of a
prismatic loop under the elastic interaction with an infinite, straight edge dislocation by the
motion of self-climb and glide. These analyses also help to understand the translation of a
prismatic loop by self-climb driven by a moving edge dislocation presented in Sec. 5.4.
We assume that an infinite straight edge dislocation is located on the x axis with Burgers
vector (0, b2, 0) and is in the +x direction. We examine the behaviors of a small circular
prismatic dislocation loop with Burgers vector (0, 0, b1) under the stress field of the edge
dislocation. The prismatic loop is in the counterclockwise direction and its radius is R. See
Fig. 8(a) for the configuration.
From Eq. (4.16), the translation velocity of the small prismatic loop with center located
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Figure 7: Simulations of translation of a prismatic loop by self climb driven by the stress field of a moving
edge dislocation. The edge dislocation moves by glide with an applied stress σapp23 = −10−3µ. The glide
mobility Mg/(c0Dc/µb) = 0.1, 0.5, and 1 in the top, middle, and bottom panels, respectively. The length
unit is b in these images. (a), (c), and (e): Snapshots of the prismatic loop and edge dislocation during
the evolution viewed from the top (z direction). (b), (d), and (f): Three dimensional view of the snapshots
during the evolution. In each simulation (shown in each panel), configuration with blue ad red colors are
the initial state and the last state of the simulation, respectively. The elapsed time is t = 8000b2/(c0Dc),
and the snapshots are equally spaced in time.
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at (x, y, z) can be approximately given by
v¯cl = −c0Dce
σ033Ω
kBT Ωb1
kBTR
(
∂σ33
∂x
,
∂σ33
∂y
, 0
)
=
c0Dce
σ033Ω
kBT Ωb1
kBTR
µb2
2pi(1− ν)
(
0,
2yz(y2 − 3z2)
(y2 + z2)3
, 0
)
,(6.1)
where σ is the stress generated by the edge dislocation, σ33 =
µb2
2pi(1−ν)
z(y2−z2)
(y2+z2)2
, and the value of
its gradient is evaluated at the center of the prismatic loop. The glide force on the prismatic
loop due to the stress field generated by the edge dislocation is
fg = −ξ1b1σ23 = − ξ1µb1b2
2pi(1− ν)
y(y2 − z2)
(y2 + z2)2
, (6.2)
where the unit tangent vector at a point on the prismatic loop is ξ = (ξ1, ξ2, 0). The average
glide force on the small prismatic loop is approximately
f¯ loopg =
1
2piR
∫
γ
fgds = − µb1b2R
8pi(1− ν) ·
y4 − 6y2z2 + z4
(y2 + z2)3
, (6.3)
where γ is the prismatic loop. The glide velocities of the loop are calculated by vg = Mgfg
and v¯loopg = Mgf¯
loop
g , where Mg is the glide mobility.
We analyze the behaviors of the small prismatic loop by motions of self-climb, glide, and
rotation under the stress field of the edge dislocation. The directions of different kinds of
motions of the prismatic loop as well as the locations where these forces (velocities) vanish
are shown in Fig. 8(b). These results are based on Eqs. (6.1)–(6.3). In particular, the
rotation tendency of the loop is determined by Eq. (6.2) at the two ends of the loop that
are closest and farthest to the edge dislocation, where ξ1 = −1 or 1.
We focus on possible stable locations of the prismatic loop under various forces. The
self-climb velocity (force) on the loop vanishes when the center of the loop is located on
z = ± 3√
3
y and y = 0. The self-climb equilibrium location is stable when z = − 3√
3
y with
y > 0, z = 3√
3
y with y < 0, and y = 0 with z > 0. When the self-climb motion of the loop
is faster than the glide motion, the loop may first reach a stable location with respect to
self-climb and then further moves by glide. On a self-climb stable location of z = − 3√
3
y with
y > 0, the glide force is upward. As a result, the loop will go upward by glide first and then
is attracted to the z = − 3√
3
y line to the left by self-climb, leading to a zigzag motion towards
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Figure 8: (a) Configuration of a small prismatic dislocation loop and an infinite edge dislocation. (b)
Directions of the motions of self-climb, glide, and rotation of the prismatic loop under the stress field of
the edge dislocation, illustrated by red arrows, green arrows, and rotated blue loops, respectively. The red,
green, and blue lines show locations where the self-climb force, the average glide force, and the rotation
force on the prismatic loop vanish, respectively.
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the edge dislocation. The behavior of the loop is similar when it is located on the self-climb
stable location of z = 3√
3
y with y < 0. Finally, on a self-climb stable location of y = 0 with
z > 0, the glide force on the loop is downward, and the loop will go downward by glide
along this self-climb stable line. Note that from Eqs. (6.2) and (6.3), the average glide force
on the prismatic loop f¯ loopg is of order O(R/L) of the glide force fg on a point on the loop
when the loop radius R is small compared with its distance L to the edge dislocation. The
above behaviors of the loop still hold when the glide velocity vg is comparable or not very
larger than the self-climb velocity v¯cl. As discussed above, there is no stable location of the
prismatic loop under both motions of self-climb and glide in this regime of fast self-climb.
When the glide motion of the prismatic loop is much faster than its self-climb motion,
the loop may first reach a stable location with respect to glide and then further moves by
self-climb. The glide velocity (force) on the loop vanishes when the center of the loop is
located on z = ± 1√
3±2√2
y. The glide equilibrium location is stable on the following four
rays: z = 1√
3−2√2
y with y > 0, z = − 1√
3+2
√
2
y with y > 0, z = − 1√
3−2√2
y with y < 0,
and z = 1√
3+2
√
2
y with y < 0. In all glide stable locations, the self-climb velocity is nonzero
and is towards the z axis. This make the loop go toward the edge dislocation by a zigzag
motion along these glide stable rays under both the glide and self-climb motions, similar
to the discussion above in the fast self-climb case. Again, there is no stable location of the
prismatic loop under both motions of self-climb and glide in this regime of fast glide.
The prismatic loop can also rotate by glide along its slip cylinder under the stress field
of the edge dislocation and the rotation will be hindered by its self-force [45, 46]. Fig. 8(b)
also shows the rotation direction of the small prismatic loop. The glide force for rotation
vanishes when z = ±y and y = 0.
Now we understand the translation of a prismatic loop by self-climb driven by a moving
edge dislocation presented in Sec. 5.4. Initially, the center of the prismatic loop is located
at y = z = −50b. As can be see from Fig. 8(b), at this location, the loop is pushed away by
the stress field of the edge dislocation by self-climb motion; this also makes the loop enter
the region y < z < 0, where the rotation of the loop is in such a way that its far end goes
up and the near end goes down. The average glide velocity of the loop is upward as shown
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in Fig. 8(b). These properties perfectly explain the simulation results of the prismatic loop
as an edge dislocation is driven towards the loop presented in Sec. 5.4.
Finally, we would like to remark that when line direction of the prismatic loop changes
from the current counterclockwise direction to clockwise (or Burger vector of the loop/Burgers
vector of the edge dislocation/line direction of the edge dislocation changes to its opposite
direction), the new figure of directions of different kinds of motions will be mirror reflection
of Fig. 8(b) with respect to the y axis.
7. Conclusions and Discussion
In this paper, we have shown that our self-climb DDD formulation in Eq. (2.2) (or (2.6))
is able to quantitatively describe the properties of self-climb of prismatic loops that were
observed in experiments and atomistic simulations. This dislocation dynamics formulation
applies to self-climb by pipe diffusion for any configurations of dislocations. In particular,
with our formulation, we show the following properties of self-climb of prismatic loops. The
area enclosed by a prismatic loop is conserved during the self-climb motion; the equilibrium
shape of a prismatic loop with the self-climb motion under its self stress is a circle; and the
circular shape is preserved in the self-climb motion under a constant stress gradient field.
Using our DDD self-climb model, we have also obtained a velocity formula for translation of
a circular prismatic loop by self-climb under constant stress gradient. Under the conditions
that the stress gradient is small or the radius of the prismatic loop is small, our translation
velocity formula recovers the available theories in the literature for the self-climb models
based on rigid translation of a circular prismatic loop [9, 10, 11, 12, 14]. Our formulation
provides a DDD justification of these rigid translation models in the above regimes; otherwise
in a general case, our pointwise DDD self-climb formulation should be used. The parameters
in our self-climb DDD formulation can be estimated by comparisons with experimental
results [9, 10, 11, 12] or atomistic simulations [12, 14].
We have also presented a DDD implementation method for this self-climb formulation.
Simulations performed show evolution, translation and coalescence of prismatic loops as well
as the translation of prismatic loops by self-climb driven by a moving edge dislocation. These
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results are in excellent agreement with available experimental observations on translation
of prismatic loops by self-climb driven by a moving edge dislocation [6] and coalescence of
prismatic loops [7, 8, 9, 10, 11, 12]. Our DDD simulations have also validated the properties
and analytical formulas of the self-climb motion obtained in this paper and summarized
above. We have also performed analyses to systematically understand the behaviors of a
prismatic loop under the elastic interaction with an infinite, straight edge dislocation by
motions of self-climb and glide (including both rotation and rigid motions by glide) of the
prismatic loop.
Our dislocation self-climb formulation can be easily incorporated in the available DDD
simulation methods and codes for the motions of glide and climb assisted by vacancy bulk
diffusion, as an additional contribution to the dislocation velocity, which enables simulations
on the combined effects of dislocation motions of glide, climb by vacancy bulk diffusion, and
self-climb by vacancy pipe diffusion. Future work may also include investigations on the
coupling effects with irradiation [4, 5], vacancy diffusion influenced by elastic effect [2], and
influence of moving dislocations [47].
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